We propose that physiological and performance tests used in sport science research and professional practice should be developed following a rigorous validation process, as is done in other scientific fields, such as clinimetrics, an area of research that focuses on the quality of clinical measurement and uses methods derived from psychometrics. In this commentary, we briefly review some of the attributes that must be explored when validating a test: the conceptual model, validity, reliability, and responsiveness. Examples from the sport science literature are provided.
The use of laboratory and field tests is common in sport physiology and, in recent years, the number of these tests has increased exponentially. To identify the tests with the best measurement properties, we propose the same rigorous and comprehensive approach used in "Clinimetrics." [1] [2] [3] This area of research focuses on the quality of clinical measurement 4 and is based on well-established psychometric methods developed in psychology, sociology, and education. 5, 6 The Scientific Advisory Committee of the Medical Outcomes Trust for Health Status and Quality of Life instruments have proposed eight attributes that warrant consideration in the evaluation of instruments measuring health status and quality of life: 1) conceptual and measurement model; 2) validity; 3) reliability; 4) responsiveness; 5) interpretability; 6) respondent and administrative burden; 7) alternative forms; 8) cultural and language adaptation. 2 Before a clinical test can be proposed for use in research and professional practice, all these attributes need to be adequately verified. Unfortunately, in sport physiology, many tests have been validated against only few of these attributes, for example, some forms of validity and reliability. One of the barriers for the implementation of a more comprehensive approach is the difficulty in appreciating and understanding methods originally developed for subjective measures of psychosocial constructs. The aim of this commentary is to briefly explain these attributes using, as examples, studies investigating objective measures of physical performance in soccer and endurance exercise performance.
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Conceptual Model
The Scientific Advisory Committee defines the conceptual model as "a rationale for and description of the concepts and the population that a measure is intended to assess and the relationship between those concepts." 2 In terms of rationale, sport physiologists should carefully consider the purpose of a new test, for example, selection and/or longitudinal assessment. In addition, to avoid the development of redundant tests, sport physiologists should also convincingly justify why a new test is needed. In this respect, the definition of the concept that a measure is intended to assess is crucial.
As suggested by Atkinson, 7 the conceptualization of a multifactorial construct facilitates the definition of its measurable components. In Figure 1 we present the current simplified model of soccer performance (multifactorial construct), which can be measured using, for example, the final ranking in a championship. Three constructs relevant for soccer performance are i) tactical (interaction with other individuals), ii) technical (individual skills), and iii) physical performance. The relevance of these constructs is based on the assumptions that they influence soccer performance. To investigate physical performance sport physiologists commonly use the amount of high-intensity activity completed during a match. In clinimetric jargon, high-intensity activity during the match would be considered a causal indicator of the theoretical construct physical performance. The validity of this parameter has been supported by a study showing that professionals playing soccer in countries in the top positions of the FIFA ranking cover more distance at high-intensity than those playing in lower level championships. 8 To confirm that physical performance has a cause-effect relationship with soccer performance, it would be necessary to increase the capacity to perform high-intensity activities and determine if this manipulation improves the final ranking in a championship. This type of experimental study would be very difficult to conduct, but a model of soccer performance based on this kind of evidence would not suffer from the shortcomings of theoretical frameworks built only on correlational studies. For example, we have recently shown that high-intensity distance is not different between players of the more successful teams (ranked in the first five positions) with the players of the less successful teams (ranked in the last five positions) from the same league. The only difference was found for high-intensity activities with the ball. 9 This seems to suggest that the interaction between physical performance and technical components may be a better predictor of soccer performance. Similarly, the repeated sprint ability (RSA) test performance (which is correlated to the high-intensity activity completed during a match 10 ) differentiates between professionals and amateurs, but not between top and mid-level professional players. 11 These latter findings suggest that physical performance may simply reflect the fact that professionals train more than amateur players rather than being causally related to soccer performance. Therefore, at present, the theoretical framework behind the validity of physical performance tests in soccer is not convincing, and we believe that much more research is necessary to confirm current models of soccer performance or develop more valid ones. Moreover, the complex relationships across physical, technical, and tactical performance may be more important than the individual constructs alone in determining soccer performance. If confirmed in future multivariate analyses, these complex relationships should be taken into account when developing new tests for soccer players. Otherwise, we risk measuring variables not really relevant for performance.
Reliability, or Reproducibility
Atkinson and Nevill 12 have reported two types of reliability: absolute reliability (degree to which repeated measurements vary for individuals) and relative reliability (degree to which individuals maintain their position in a sample with repeated measurements). Other authors have used the terms agreement and reliability 13 when referring to absolute reproducibility and relative reproducibility, respectively. Terminology aside, the type of reproducibility to consider depends on the purpose of the test. When tests are used to discriminate among individuals (cross-sectional assessment), parameters of relative reliability should be used (intraclass correlation coefficient, ICC). Parameters of absolute reliability (eg, standard error of measurement, SEM) are required for evaluative tests to monitor changes over time (longitudinal assessment). 13 Although ICC and SEM are related, they provide different information becuase ICC is influenced by various factors, such as the variability among subjects and measurement error, whereas SEM, by error variation only. [13] [14] [15] Clearly, the distinction between absolute and relative reliability should be considered when reporting reliability data.
Reliability data are commonly used to decide whether a test should be employed or not. For example, in recent years, time trials have been favored over time-to-exhaustion tests as measures of endurance exercise performance because they have much lower coefficients of variation. 16 This is a mistake, as will be discussed in the responsiveness section of this article. A better use of reliability data is to calculate the minimal detectable change (ie, the minimal individual change that can be interpreted as real with an acceptable probability level). These are extremely important data when testing individual athletes. In clinimetrics, it has been proposed that the minimal detectable change should be lower that the smallest worthwhile change. 1 For sport performance, a method integrating the minimal important change, the smallest detectable change, and the test reliability has been proposed and described by Hopkins, 17 and we have applied it in a recent study. 11 For example, the mean time during an RSA test we developed for soccer players has a SEM of about 0.8% to 1.0%. 11 Such values would be commonly interpreted as showing very good reliability. However, since the smallest worthwhile change for this test was 0.5%, the ability to detect small but worthwhile changes in individual RSA performance is poor, thus limiting its use as an evaluative test in professional practice. In other words, the noise (eg, SEM) should be lower than the smallest worthwhile signal. As aforementioned, in sport science, sound methods have been developed to determine the probability that individual changes in a test are greater than the smallest worthwhile changes given the test reliability. 11, 18 Unfortunately, despite the availability on the Web of practical spreadsheets (www.sportsci.org), these methods are not widely applied in sport physiology yet.
Validity
Validity is the degree to which the test measures what it purports to measure. 2 Several studies are required to build up a body of evidence to support the validity of a test. Such evidence can be based on the inherent characteristics of the test (content and logical validity), its relation to a criterion (predictive, concurrent, or postdictive validity), or a construct (convergent and divergent validity, knowngroups difference technique). 5 Construct validity is often used as an overarching term encompassing all types of validity. 19 This validation is theory dependent, and, therefore, the conceptual model is critical to operationally define the constructs of interest and their measurable indicators. The selection of the most appropriate method for validating a test also depends on its purpose (discriminative or evaluative) and its application (research or routine practice).
If the aim of the test is to select athletes, it should be able to discriminate individuals of different competitive levels. In sport physiology, this type of validity is commonly established by testing differences between groups of players of different competitive levels and/or playing positions. In clinimetrics, alternative methods such as the receiver operator characteristics (ROC) curve are gaining popularity and can be used to validate the discriminant ability (and the responsiveness) of physiological and performance tests. 20, 21 For example, we found that professional players have better RSA test performance compared with amateur players. 11 Using the same data, we have calculated the area under the ROC curve, which is 0.89 (CI 95%, 0.813 to 0.940, P < .0001; Figure 2) . Values above 0.70 are commonly considered to indicate good discriminant ability. 20, 21 The area under the ROC curve represents the probability of correctly discriminating professional from amateur players using the RSA mean time. The test score able to distinguish between these competitive levels is 7.37 s. This cut-off value gives a "true-positive rate" (sensitivity) of 88% and a "false-positive rate" (1 − specificity) of 76%. Therefore, this type of statistical analysis suggests that the RSA test has excellent discriminant ability if its purpose were to differentiate between professional and amateur soccer players. However, is it practically useful to make this differentiation? This example shows once more how crucial it is to have a sound theoretical framework for assessing the validity of a test, regardless of how sophisticated or novel the statistical analysis.
Unfortunately, the cross-sectional methods described above are often used to validate tests used in sport physiology to assess changes over time. However, discriminant ability is not sufficient or even relevant to evaluative tests. These tests should be validated against a criterion (ie, a "gold standard") or an indicator of the construct of interest. A correlation larger than 0.70 between the new test and the reference measure is conventionally used as benchmark for construct or criterion validity. 1 However, benchmarks should not be always taken too strictly and a correlation of 0.65 instead of 0.70 cannot be interpreted as evidence against construct or criterion validity. Furthermore, the confidence interval of these relations should be also taken into consideration. To understand if a certain value is acceptable or not, it is important to understand the kind of validity we are examining. For example, while correlations higher than 0.70 can be acceptable for providing convergent evidence of construct validity, they are certainly not appropriate for predictive validity, such as when we want to use a field test to estimate the actual maximal oxygen uptake and even more so if we want to estimate this at an individual level. However, as we stated earlier, several studies are required to build up a body of evidence for or against the validity of a test. Indeed, after cross-sectional evidence of construct validity has been provided, another extremely important step is to assess the longitudinal validity of the test. Such a property, also termed external responsiveness, is the ability of a test to measure changes in the reference measure. 22 Changes in a test displaying external responsiveness would correlate with changes in the criterion or indicator of the construct of interest. For example, in soccer referees, the high correlation found between improvement in the yo-yo test and improvement in high-intensity activity during a match (r = .77) proves the longitudinal validity of the yo-yo test in this population. 23 To the best of our knowledge, this is the only example of longitudinal validation of a physical performance test in soccer. 
Responsiveness
In clinimetrics, responsiveness is considered the most essential property of an evaluative instrument. 24 Responsiveness is classified as external (see the previous section on longitudinal validity) and internal. The latter is also called sensitivity to change and refers to the ability of a measure to change over a particular time frame. 22, 25 There are different methods that can be used to calculate internal responsiveness, most of which are variations of the same methods. 24 In short, these methods are i) Cohen's effect size, ii) the standardized response mean, and iii) Guyatt's responsiveness index. 22 To the best of our knowledge, only one study has formally evaluated internal responsiveness in sport physiology. 26 In this study, the internal responsiveness of a time trial and a time-to-exhaustion test of endurance performance was compared in a group of competitive cyclists breathing hypoxic or hyperoxic gas mixtures. A variation of standardized response mean was used to assess the sensitivity to change in endurance performance compared with normoxia. In spite of suggestions that time trials would have better "signalto-noise ratio" because of lower coefficient of variation (ie, noise), 16 the internal responsiveness of the time-to-exhaustion test was as good as that of the time trial. This finding was expected because the change in performance caused by hypoxia and hyperoxia (ie, signal) was much larger for the time-to-exhaustion test. These results clearly demonstrate that, when choosing an evaluative test for an experimental study, internal responsiveness should be considered rather than reliability parameters alone.
Other characteristics should be evaluated when developing or selecting a test. In clinimetrics, respondent and administrative burden is often taken into consideration because this may have an impact on test acceptability, adherence, and motivation. 2 For example, contrary to time trials, the aforementioned time-to-exhaustion test does not require familiarization trials. 26 Similarly, soccer match simulations can be useful for research purposes but less practical for the routine evaluation of the players. Interpretability is another important test characteristic. This is achieved by comparing individual or group results to normative data and the minimal important and detectable changes. The reader is referred to recent articles for suggestions on how to derive the probability that a change in a test is real and worthwhile. 11, 18 In conclusion, we believe that the application of more rigorous methods for the development and validation of physiological and performance tests would improve the quality of sport science research and professional practice. A similar approach has been also recently advocated for the quality of intervention studies in sport science. 27, 28 As often happens in statistics, for each of the eight attributes, there is still debate about the best analytical approach. For example, in clinimetrics and psychometrics, the best methods to examine responsiveness have yet to be established. 22, 24, 25 However, statistical debates should not dissuade sport physiologists from applying more rigorous approaches for test validation, such as in clinimetrics and psychometrics. We hope that future investigations will assess all the relevant test attributes presented here, rather than leading to further test proliferation.
